The multi-type birth-death model with sampling is a phylodynamic model which enables 2 quantification of past population dynamics in structured populations, based on phylogenetic 3 trees. The BEAST 2 package bdmm implements an algorithm for numerically computing the 4 probability density of a phylogenetic tree given the population dynamic parameters under 5 this model. In the initial release of bdmm, analyses were limited to trees consisting of up to 6 approximately 250 genetic samples for numerical reasons. We implemented important 7 algorithmic changes to bdmm which dramatically increase the number of genetic samples 8 that can be analyzed, and improve the numerical robustness and efficiency of the 9 calculations. Being able to use bigger datasets leads to improved precision of parameter 10 estimates. Furthermore, we report on several model extensions to bdmm, inspired by 11 properties common to empirical datasets. We apply this improved algorithm to two partly 12 overlapping datasets of Influenza A virus HA sequences sampled around the world, one with 13 500 samples, the other with only 175, for comparison. We report and compare the global 14 migration patterns and seasonal dynamics inferred from each dataset. 15 Availability: The latest release with our updates, bdmm 0.3.5, is freely available as an 16 open access package of BEAST 2. The source code can be accessed at 17 https://github.com/denisekuehnert/bdmm.
Complete tree
Branch-typed tree Sample-typed tree T 0 time t 1 Figure 1 : Complete tree (left) and sampled trees (middle and right) obtained from a multi-type birth-death process with two types. The orange and blue dots on the trees represent sampled individuals and are coloured according to the type these individuals belong to. A ρ-sampling event happens at time t 1 . The grey squares represent degree-2 nodes added to branches crossing this event. ρ-sampling also happens at present (time T ). As seen in the complete tree, the first three individuals who were sampled were not removed from the population upon sampling, while the four individuals giving rise to the later samples were removed upon sampling.
a ρ-sampled node. All other nodes corresponding to samples are referred to as ψ-sampled nodes.
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Further, degree-2 nodes are put at time t k on all lineages crossing time t k , k = 1, . . . , n − 1 as representation (EPFP) for storing intermediary calculation results. Additional to this GHz Intel Core i5 processor. The new implementation of bdmm is on average 9 times faster than the original ( Fig. 2A) . The robustness of the updated implementation is demonstrated by 144 reporting how often the implementations return −∞ for the probability density in log space. We 145 call these calculations "failures", the most likely cause of error being underflow. Our new 146 implementation shows no calculation failure for trees with up to 1000 samples, while in the 147 original implementation calculations often fail for trees with more than 250 samples (Fig. 2B) . the migration rates inferred from the Southern to Tropical locations arises between the two Boris Igić. Species selection maintains self-incompatibility. Science, 330(6003):493-495,
